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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a substrate with a transparent conductive film, having 
an uneven surface structure that can be manufactured using a sputtering method and is rich in 
productivity by laminating a zinc-oxide system transparent conductive film which is in contact with 
a titanium oxide film formed on a substrate. 

SOLUTION: A titanium oxide film is nearly a flat film without special, large uneven structures. The 
titanium oxide film affects the crystal growth of the zinc-oxide system transparent conductive film 
laminated on it, hence crystal growth is accelerated, and a zinc oxide crystal of large crystal grains 
is grown. The surface of the zinc-oxide system transparent conductive film becomes uneven due 
to the crystal grains. The crystal is orientated nearly vertical with respect to the substrate surface, 
and the crystal orientation is aligned, thus obtaining a recess and projection in nearly aligned shape. 
The zinc-oxide system transparent conductive film has roof-shaped uneven shape and is suited for 
the surface electrode of a solar battery and has high optical confinement effect. As a result, 
reliability of a solar cell using the substrate with the zinc-oxide system transparent conductive film 
is improved. 
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